Abstract: Based on the results of a laboratory simulation of the seismic fault reactivation by "stick-slip" process, it was shown that the system of two blocks just before an impulse offset goes through the meta-instable dynamic state, with early and late stages of meta-instability [Ma et al., 2012] . In the first stage the offset begins in slow stationary mode with slow stresses relaxation on contact between blocks. In the second stage of the "accelerated synergies" strain rate increases and, subsequently, the deformation process through a process of self-organization came to dynamic impulse offset. The experimental results were used for interpretation of the results of spectral analysis of the deformation monitoring data. The data were held within the southern part of Lake Baikal, where Kultuk earthquake (27.08.2008, Ms=6.1). took place. Its epicenter was located in the South end zone of the main Sayan fault. Monitoring of deformations of rocks was carried out from April to November 2008 in tunnel, located at 30 km from the epicenter of the earthquake. The time series data was divided into month periods and then the periods were processed by the method of spectral analysis. The results showed that before the earthquake has ordered view spectrogram, whereas in other time intervals, both before and after the earthquake such orderliness in spectrograms is missing. An ordered view spectrograms for deformation monitoring data can be interpreted as a consequence of the self-organization of deformation process in the transition of seismically active fault into meta-unstable before the Kultuk earthquake.
INTRODUCTION
Tectonic earthquakes are produced mostly through two well-known mechanisms. One of them, described as the "snowball unstable crack origin model", assumes the fast connection of small short faults into the long one followed by seismogenic offset on it [Myachkin et al., 1975] . Another one, called the "stick-slip model", means episodic seismogenic offset on an existing fault [Brace, Byerlee, 1966] . It is assumed that in modern seismically-active zone of the lithosphere the last mechanism of earthquake generation occurred more often than the former.
There have been numerous attempts to simulate the "stick-slip model" by various kind of modeling in order to understand the physical regularities of impulse offsets on natural seismically active faults. Significant progress in the direction was provided by the development of synergetics [Haken, 1977; Kondepudi, Prigozhin, 1998 ]. In terms of synergistic interpretation, an earthquake was suggested to be "self-organized criticality" (SOC) [Bak, Tang, 1989 ] and a short-term selforganization of the deformation process just before seismic reactivation of a fault [Feder, Feder, 1991; Ciliberto, Laroche, 1994; Olami et al., 1992; Sobolev, Ponomarev, 2003 ].
The SOC model was developed in experiments of a seismic reactivation of faults by the "stick-slip" mechanism through a loaded system of two blocks [Ma et al., 2012 [Ma et al., , 2014 . The experimental results demonstrated a gradually developed deformation process in critical state before impulse offset. The first stage begins when the load deviates from the linearity and begins to fluctuate due to activation of individual fault segments. The second stage is associated with quasi-static instability of the initial meta-instability, when the quantity of isolated strain-release foci increase. The third stage means the late meta-instability, i.e. quasi-dynamic instability when the strain release and accumulation is accelerated. The synergism is displayed, when a quasistatic state transforms into a quasi-dynamic one due to cooperative interaction between the reactivated fault segments. At this stage, the development of isolated fault segments is provided by linkage of the interacting segments and the fault reaches the critical state prior to an earthquake [Ma et al., 2012 [Ma et al., , 2014 .
In this paper, we present data of rock strain monitoring before and after Kultuk earthquake and suggest interpretation using described above experimental results [Ma et al., 2012 [Ma et al., , 2014 . We identify the metainstable stage of strain process in seismically active fault before the earthquake.
LOCATIN OF STRAIN MONITORING, EQUIPMENT, AND METHOD OF DATA PROCESSING
The rock strain were monitored in the mine gallery located in the area of the Talaya seismic station since April to November 2008. At this period of time, the strong Kultuk earthquake (Ms=6.1) took place in a distance over 30 km eastwards in August 27, 2008 (Fig. 1) .
Rock strain was measured by rod sensors installed in three orthogonal directions: NE 60°, SE 150°, and vertically (sensors 1, 2, and 3, respectively) (Fig. 2, A) . The working elements were tensor-sensors manufactured by Scame (Fig. 2, B) . The device «Shear» [Ruzhich et al., 2009] was used.
The accumulated deformations are demonstrated in Figure 3 . Timing is given in minutes starting from the beginning of 2008.
The data of sensors 1 and 2 has gaps due to lack of observations are omitted. Only continuous records of sensor 3 are processed.
The spectral analysis is applied to processing of strain monitoring data. To analyze the data periodicity the Lomb-Scargle method was used (or least-squares spectral analysis, LSSA), which estimated a frequency spectrum based on a least squares fit of sinusoid [Lomb, 1976; Scargle, 1982 Scargle, , 1989 Savransky, 2004; Press, 2007] . It differs from the Schuster periodogram for unequally spaced data, which is a more traditional presentation of the capacity spectrum with the use of Fourier transformation.
Using values of time series xi at time moment ti, i=1...N, we transform the equation is a way that an average value is zero, and a mean square deviation is one. For every analyzed frequency ω, the series is approximated by the following equation: 
( ) = ( + ) + ( + )
at the best in terms of smaller square values:
where
2 � is an auxiliary angle that is needed for more convenient statistical evaluations. The periodogram is represented by the following value:
The system of linear equations is solved for minimization, and the final equation is as follows:
In case of the regular series, ti=t0+iΔt and a set of fundamental frequencies, = 2 , the Lomb periodogram is equal to the Schuster periodogram (Fourier transformation) with the precision to the constant multiplier [Vityazev, 2001] . Unlike the Schuster periodogram, on the one side, the Lomb periodogram provides for the use of random or arbitrary sets of estimated time series and frequencies, including irregular ones. On the other side, unlike the Fourier transformations, the Lomb-Scargle periodogram is not factorization, i.e. it does not contain complete information of the form of the initial series, but shows only relative capacities of various frequencies.
RESULTS
The preliminary processing rock strain monitoring data under discussion that was done using method of analysis of curvature of structural functions [Vstovsky, Bornyakov, 2010] showed SOC of the deformation process occurred 10-14 days before the Kultuk earthquake. In this paper, the last time interval is examined as the final stage of deformation development in the focal zone and the state of the lithosphere in the one is interpreted as pre-seismogenic. The entire time sequence is subdivided into monthly time intervals, except of the pre-and post-seismogenic periods since 10 May to 09 June, since 10 June to 09 July, since 10 July to 09 August, since 10 August to 26 August (pre-seismogenic period), since 28 August to 09 September, and since 10 September to 09 October (postseismogenic period).
The data of sensor 3 were processed for all mentioned above periods Received spectral analysis results are shown in Fig. 4 . 
Рис. 2. Схема расположения штанговых датчиков в штольне (A) и детали конструкции штангового датчика (B).
Spectrograms show temporally variable structure and intensity of oscillations, especially in the large periods. In the spectrogram I, there are nine periods (Fig.  4, A) . The "periodogram" parameter increases exponentially with increasing of the "period" values. This reflects a regular fractal structure of the spectrogram. In the spectrogram II, there are only six periods, their values are different, and the structure of the spectrum Рис. 3. Деформации горных пород в штольне сейсмостанции «Талая», зарегистрированные датчиками 1, 2 и 3. Вер-тикальной штрихпунктирной линией отмечен момент реализации Култукского землетрясения (344732 мин). is chaotic due to the irregular increase of the "periodogram" parameter for the different periods (Fig. 4, A) . In the spectrogram III, the "periodogram" parameter reduces and the structure of the spectrogram shows regular elements. The spectrograms I and III demonstrate similarity in number and duration of the oscillation periods (Fig. 4, A) . In the spectrogram IV (preseismogenic interval), the intensity of oscillations decreases, the number of periods reduces, and their values show the "log-periodic" sequence (Fig. 4, B, C) .
The deformation regime significantly changes after August 27, when the Kultuk earthquake took place. The spectrogram shows chaotic deformation process, increasing values of the "periodogram" parameter, predominating oscillations with small and medium periods (from 0 to 4Е5 sec.), and no large-period oscillations in the interval from 4Е5 to 8Е5 sec. (Fig. 4, D, spectrogram I ). In the final time interval of observations, the deformation process returns to its initial regime. Spectrogram I on Figure 4 , A, is similar to spectrogram II on Figure 4 , D.
DISCUSSION
The above-described results are discussed below on the basis of the synergy concept with reference to the "stick-slip" model. As shown by the experiments on a double-direction servo press machine, the impulse motion of one block relative to another one is preceded by two dynamic states. The metastable state with the auto-wave regime of load oscillations is followed by the meta-instable state, which passes the initial and final stages of meta-instability.
The temporal curve of differential stress illustrates several critical moments of deformation: O, A, B1, and B2 (Fig. 5) . It is noteworthy that this curve is based on data from the press machine represents variations of all portions of the whole fault, while each site records strain processes of different portions. Below we analyze strain measurements of different sites at the critical moments on the curve of the average shear stress versus time. Measurements during laboratory tests on the press machine yield data on the average shear stress-time process of the fault (Fig. 5 ). An enlarged curve of its final stage is given in Fig. 5 , B, to show details of the deformation development from the time 660s to 700s. The point O is stress peak. The segment OAB1B2 is the meta-instability stage of which OA is quasi-static release stage, B1B2 is quasi-dynamic release stage, and after point B2 the real instability is began.
At the initial stage, the displacement of one block relative to another one starts and develops in the quasi-creep stationary regime. Stress is gradually released in the inter-block contact zone. At the final stage (i.e. the stage of "accelerated synergism") [Ma et al., 2012] , the displacement velocity increases, the self-organization process takes place. As a result, numerous reactivated segments of the inter-block contact zone are [Ma et al., 2012] with changes). subjected to the avalanche-type joining accompanied by the dynamic slip. The experimentally established sequence of deformation assumes possibility of identification of the initial and final stages of meta-instability of seismogenic reactivation of a fault by the rate of stress release in the focal zone and the occurrence of indicators of self-organization during the deformation process development. Now, taking into consideration the presented above experimental results, we can analyze the obtained monitoring data in terms of deformation development during the Kultuk earthquake preparation. Previous our study of deformation of the ice cover on Baikal Lake showed that then higher the stress in it, the higher the "periodogram value" parameter on spectrogram [Bornyakov et.al., 2016] . Following this the results of spectral analysis suggest that stress in the focal zone reached critical state in the first two estimated time intervals. The metastable state was achieved (Fig. 4, A) . The two subsequent intervals should be interpreted as the initial and final stages of meta-instability, respectively. In the initial stage, stress in the focal zone decreased and the directional adjustment of oscillation periods took place (Fig. 4, B) . During the final stage, the stress continued decreasing and indicators of selforganization of the lithosphere displayed, as it evidenced from the further decrease of the "spectrogram" parameter and the presence of the regular structure of the spectrogram with the a characteristic linear distribution of maximum periods in logarithmic scale (Fig. 4,  C, D) . This occurs usually due to the synchronization of fluctuations in different periods [Chelidze et al., 2005; Lyubushin, 2012; Zhang et al., 1992] .
After the earthquake, the deformation process became chaotic and the stress gradually increase (Fig. 4,  E, F) . It is logical to expect that the stress should dramatically reduce due to seismogenic release, but the obtained results do not support this point. A possible explanation is that the earthquake could release only a small quantity of stress accumulated at the seismogenic fault.
CONCLUSION
From modeling results on the loaded system of two blocks [Ma et al., 2012] , it was inferred that just before realization of displacement, the fault achieves a metastable state with an auto-wave mode of fluctuations of acting loading. The meta-stable state is followed by the meta-instable state, which is subdivided to stages of early and late meta-instability. In the initial stage, the displacement of one block relative to another one initiates and develops in the quasi-creep stationary regime, stress in the inter-block contact zone gradually releases. At the final stage (i.e. the stage of "accelerated synergism"), the displacement velocity increases, the selforganization process takes place, numerous activated segments of the inter-block contact zone quickly join to each other, and the dynamic slip occurs. Based on the experimentally established regularities, we suggested that the early and final stages of meta-instability in the seismogenic activation of a fault in nature can be recognized by the start of stress relaxation in the focal zone and the occurrence of indicators for self-organization in the deformation process.
The spectral analysis of the rock deformation monitoring data before and after the Kultuk earthquake is consistent with the estimated results and the experimentally established stages in the preparation of the displacement impulse. The proposed approach is promising for diagnostics of a meta-instable pre-seismogenic state of an active fault.
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